We consider coupled-waveguide resonators subject to optical injection. The dynamics of this simple device are described by the discrete Lugiato-Lefever equation. We show that chimera-like states can be stabilized, thanks to the discrete nature of the coupled-waveguide resonators. Such chaotic localized structures are unstable in the continuous Lugiato-Lefever model; this is because of dispersive radiation from the tails of localized structures in the form of two counter-propagating fronts between the homogeneous and the complex spatiotemporal state. We characterize the formation of chimera-like states by computing the Lyapunov spectra. We show that localized states have an intermittent spatiotemporal chaotic dynamical nature. These states are generated in a parameter regime characterized by a coexistence between a uniform steady state and a spatiotemporal intermittency state.
We consider coupled-waveguide resonators subject to optical injection. The dynamics of this simple device are described by the discrete Lugiato-Lefever equation. We show that chimera-like states can be stabilized, thanks to the discrete nature of the coupled-waveguide resonators. Such chaotic localized structures are unstable in the continuous Lugiato-Lefever model; this is because of dispersive radiation from the tails of localized structures in the form of two counter-propagating fronts between the homogeneous and the complex spatiotemporal state. We characterize the formation of chimera-like states by computing the Lyapunov spectra. We show that localized states have an intermittent spatiotemporal chaotic dynamical nature. These states are generated in a parameter regime characterized by a coexistence between a uniform steady state and a spatiotemporal intermittency state. The existence of conservative discrete solitons in periodic nonlinear systems such as discrete arrays of coupled waveguides [1, 2] or Bose-Einstein condensate [3] has been abundantly discussed and is by now fairly well understood. Most of the theoretical studies have been developed using the discrete nonlinear Schrödinger equation. However, when dielectric mirrors are placed at the input and output facet of waveguide arrays, it is possible to stabilize dissipative discrete solitons, thanks to the balance between losses and injection of light beams. This simple optical device can be seen as interacting microcavities in photonic crystals. The dynamics of this dissipative system cannot be described by the nonlinear Schrödinger equation, but rather by the discrete Lugiato-Lefever equation which admits both stationary and oscillating discrete dissipative solitons often called discrete localized structures [4] [5] [6] . Recently, the observation of spatiotemporal localized chaotic states has been reported [7, 8] . Similar behavior has been reported in a broad-area vertical-cavity surface-emitting-laser with saturable absorption subject to time-delayed optical feedback [9] . In the continuous limit, the Lugiato-Lefever equation exhibits fronts between steady states. These fronts are motionless at a single point often called the Maxwell point [10] . Near this point, one expects to find localized states as the result of front interaction [11] [12] [13] [14] .
Coupled oscillators under the influence of injection and dissipation of energy exhibit a coexistence between coherent and incoherent behavior, known as chimera states [15, 16] . More recently, it has been shown that the discrete nature of coupling is a key ingredient in the emergence of chimera-like states [17] . Hence, the existence of chimera states in the discrete LugiatoLefever equation is expected.
In this Letter, we show that the discrete Lugiato-Lefever equation supports chimera-like states in an array of coupledwaveguide resonators. They consist of spatiotemporal chaos embedded in a homogeneous background. They correspond to a coexistence in the same system of coherent and incoherent states. We characterize chimera-like states by computing Lyapunov spectra. Note, however, that in the continuous Lugiato-Lefever model, it is not possible to stabilize chimeralike state because of the radiation emanating from localized state in the form of two counter-propagating fronts between the homogeneous and the complex spatiotemporal states [18, 19] . Therefore, we attribute the formation of chimera-like states to the discrete nature of interacting microcavities in photonic crystals.
We consider an array of weakly coupled nonlinear waveguides where mirrors at the input and the output facet back-fold the light path, thus forming an array of coupledwaveguide resonators, which is excited by an external driving field E 0 . Figure 1 depicts an array of coupled-waveguide resonators. The resonators are then endowed with a self-focusing Kerr medium. The slowly varying envelope ψ n of the field circulating in the nth waveguide resonator can be derived by using the mean-field approach developed in [4, 5] 
Here, the evolution time t T τ ph is measured in the photon lifetime unit τ ph ; Δ ≡ ω − ω 0 accounts for detuning between a resonance frequency ω 0 of the cavities and the carrier of the pumping field frequency ω. The parameter C denotes the nearest-neighbor coupling constant. The parameter E 0 can be considered as a positive and real in order to fix the origin of the phase. The continuous counterpart of the discrete model Eq. (1), C → ∞, is known as the Lugiato-Lefever equation [20] or the driven damped nonlinear Schrödinger equation [21] in the optical and nonlinear coupled oscillators frameworks, respectively. In the continuous limit, theoretical [13, 19, 20] and experimental [22] investigations have revealed a coexistence between the flat solution and the spatiotemporal chaotic state. Hence, one expects to observe complex spatiotemporal dynamical behavior in the discrete model Eq. (1). Figure 1 shows the profile and spatiotemporal evolution of a complex localized state obtained from the numerical simulation of discrete Eq. (1). All numerical simulations were conducted using finite difference code with the Runge-Kutta fourth-order algorithm and Neumann boundary conditions that are compatible with a finite array of coupled waveguides. These localized structures correspond to a coexistence of coherent and incoherent states. In the context of coupled oscillators, this type of localized state is usually termed a chimera state [15] [16] [17] . Considering a homogeneous initial condition with a small (large) intensity, the system exhibits as an equilibrium solution a uniform state (complex spatiotemporal state). For an inhomogeneous perturbation of the homogeneous state, it is possible to generate a chimera-like state. Figure 2 displays different chimera states obtained by numerical simulations for the same parameter values, but with different initial conditions. From this figure, we can see that the larger the incoherent domain (size of the chimera), the broader the Lyapunov spectrum indicating increasing complexity in the spatiotemporal evolution of the system.
As a matter of fact, in the continuous limit, these intrigued localized states are not observed. That is, when increasing the nearest neighbor coupling constant C, depending on the other parameters, the complex localized structure shrinks or spreads so that the system exhibits only one type of extended state as an equilibrium, being either a homogeneous state or a spatiotemporal complex state. Therefore, chimera-like states are a consequence of the discrete nature of the system under study [17] . The complex dynamical behavior can be characterized by the numerical calculation of Lyapunov exponents. These provide information about permanent dynamic with sensitivity to initial conditions [23] . When the largest Lyapunov exponent is positive, the system develops chaotic dynamics, but not necessarily a spatiotemporal chaos [23] . To distinguish between chaos and spatiotemporal chaos, it is necessary to determine the Lyapunov spectrum. This spectrum is composed of a set 
, and Γ 5 stand for localized structures with different widths. Γ 1 is stationary, and Γ 2 is the oscillatory localized state. Γ 3;4;5 are chimera states. The insets describe the profile and the spatiotemporal evolution of the Γ l localized structure (l f1; 2; 3; 4; 5g). The parameters are E 0 6.2, Δ 7.0, and C 1.9.
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Vol. 42, No. 15 / August 1 2017 / Optics Lettersof exponents. Spatiotemporal chaos has a Lyapunov spectrum with a continuous set of positive values. In contrast, chaos possesses a Lyapunov spectrum with a discrete set of positive values. Another feature that distinguishes these dynamic behaviors is when one increases the system size; for spatiotemporal chaos, the number of positive Lyapunov exponents grows (extensive property) and, for chaos, positive Lyapunov exponents remain constant (intensive property). To understand the nature of the predicted chimera-like states from the point of view of the dynamical system theory, we have computed numerically the Lyapunov exponents of localized states, using the strategy proposed in [24, 25] . Figure 2 shows Lyapunov spectra of different chimera-like states. Therefore, we infer that complex localized structures are of spatiotemporal chaotic nature. Namely, the dynamical behaviors presented in Figs. 1 and 2 correspond to localized spatiotemporal chaos. Figure 2 shows that chimeralike states with a small size have a smaller number of positive Lyapunov exponents. Hence, the dynamical behavior of a larger chimera is more complex. Indeed, the dimension of the associated strange-attractor is larger [26] . This type of behavior for chimera states of different sizes has been reported [17] . The largest Lyapunov exponents for the different chimera sizes are similar, as shown in Fig. 2 . Indeed, it is a manifestation that the most unstable mode for the different chimera states is similar.
Another feature that can be seen from the spatiotemporal diagrams in Figs. 1 and 2 is the spatiotemporal intermittent nature of chimera states. The intermittent type of dynamics is characterized by orderless alternations between a regular and an irregular behavior in their spatiotemporal evolution. Likewise, the spatiotemporal diagram exhibits a Sierpinski carpet type structure (see Fig. 3 ). This complex dynamic is usually related to defect turbulence of an oscillatory dynamics [27] , which is consistent with our numerical observations. Indeed, smaller localized states are stationary or oscillatory, preventing the emergence of defects in the localized state. In contrary, localized states with larger size favor the emergence of defects leading to more complex spatiotemporal dynamical behavior. Figure 3 (a) depicts the coexistence within the same system of three localized states: stationary, self-pulsating, and chimera-like state. The bifurcation diagram of localized states as a function of the waveguide number is presented in Fig. 3(b) . Notice that there is a minimum width below which chimera states cannot exist.
In the continuous system, front interaction is attractive, and then spatiotemporal localized states are unstable. However, when considering a moderate nearest-neighbor coupling constant [C ∼ O1], it is possible to stabilize spatiotemporal localized states in the form of a chimera-like state. It has been shown that local coupling in dissipative systems causes a propagation failure or pinning of fronts, in a large region of parameters known as a pinning range [28, 29] . Namely, fronts connecting different states become motionless in a large parameter space. This phenomenon, a result of discreteness, induces an effective potential on the front dynamics, which is characterized by the overlap of the attractive interaction of fronts and the PeierlsNabarro potential [30] . Hence, the local coupling prevents the irregular state to invade the coherent one. Indeed, the PeierlsNabarro potential induced by discreteness generates a family of stable localized spatiotemporal chaotic states with different sizes.
Therefore, these chimera states exhibited by an array of coupled-waveguide resonators are the result of local coupling.
Quantitatively, the spatiotemporal intermittency is characterized by a power law decay in the spectrum [27] . Fig. 4 . Log-log plot of average power spectrum of chimera-like state amplitude F jjψjj 2 as a function of the wavenumber k, obtained from numerical simulations of model Eq. (1) with E 0 6.2, Δ 6.0, and C 1.9, after considering 16,000 temporary steps. The dashed line is a k −1∕4 fit slope. k ls accounts for the typical wavelength of a single peak. For small wave numbers, the system exhibits a power law that is a manifestation of the spatiotemporal intermittency.
Eq. (1). One can infer that for small wave numbers, the system exhibits a power law characterized by a 1/4 decreasing exponent (see the dashed curve in Fig. 4 ). This tendency persists until the system reaches the typical wavelength k ls corresponding to the distance between the oscillating pulses forming the chimera-like state. This behavior contrasts strongly with the continuous limit where the power spectrum exhibits a triangular shape [31] .
In conclusion, we have shown the existence of chimera-like states in the discrete Lugiato-Lefever model describing an array of coupled-waveguide resonators. These states consist of a localized spatiotemporal chaos embedded in a homogeneous background. We have established Lyapunov spectra to show that these localized complex states exhibit a spatiotemporal chaos. In turn, based on the spatiotemporal evolution, we have shown that complex dynamics are of a spatiotemporal intermittency type. We have analyzed the dynamics of an array of coupledwaveguide resonators, with a coupling parameter of order 1. However, at the weak coupling limit, one expects to find a rich spatiotemporal dynamics. A study in this direction is in progress. Experimentally, it is difficult to get cavities with identical properties. Numerically, we have conducted simulations with inhomogeneous parameters and an additive noise. We observe that the chimera states are robust.
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